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Abstract
Objective To determine the type and frequency of incidental findings detected on preoperative computed tomography (CT)
imaging obtained for robotic-assisted joint replacements and their effect on the planned arthroplasty.
Materials and methods All preoperative CT examinations performed for a robotic-assisted knee or total hip arthroplasty were
obtained. This resulted in 1432 examinations performed between September 2016 and February 2020 at our institution. These
examinations were initially interpreted by 1 of 9 fellowship-trained musculoskeletal radiologists. Using a diagnosis search, the
examination reports were then reviewed to catalog all incidental findings and further classify as significant or non-significant
findings. Demographic information was obtained. In those with significant findings, a chart review was performed to record the
relevant workup, outcomes, and if the planned arthroplasty was affected.
Results Incidental findings were diagnosed in 740 (51.7%) patients. Of those with incidental findings, 41 (5.5%) were considered
significant. A significant finding was more likely to be detected in males (P = 0.007) and on the hip protocol CT (P = 0.014). In 8
patients, these diagnoses resulted in either delay or cancelation of the arthroplasty. A planned total hip arthroplasty was more
likely to be altered as compared to a knee arthroplasty (P = 0.018).
Conclusion Incidental findings are commonly detected by radiologists on preoperative CT imaging obtained for robotic-assisted
joint replacement. Several were valuable findings and resulted in a delay or even cancelation of the planned arthroplasty after the
detection of critical diagnoses, which if not identified may have resulted in devastating outcomes.
Keywords Robotic assisted . Knee arthroplasty . Total hip arthroplasty . Joint replacement . CT imaging . Incidental findings

Introduction
Total joint arthroplasty (TJA) is among the most common
orthopedic procedures, reliably treating osteoarthritis-related
pain [1–3]. Advancements in techniques, implant designs, and
technologies of total hip (THA) and total knee arthroplasties
(TKA), as well as the resurgence in unicompartmental knee
arthroplasty (UKA), continue to improve outcomes and patient satisfaction while decreasing complications and readmission rates [4–6]. Nevertheless, factors outside of the surgeon’s
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control, such as patient demographic and psychosocial issues,
have been associated with decreased satisfaction following
arthroplasty [7–10]. Additionally, 90-day readmissions following TJA create an enormous national healthcare economic
burden, with approximately half of the annual expenses attributed to readmissions unrelated to the TJA [11, 12]. However,
improvements in technique and implant positioning may mitigate the costs of revisions [13–17], which are responsible for
the greatest readmission, post-acute care, and long-term expenses [12]. With the incidence of revision arthroplasties
projected to increase over the next several decades [18, 19],
there is an impetus to continue optimizing techniques and
technologies to reduce revision and readmission rates following primary TJA.
Recently, robotic-assisted TJA utilizing preoperative imaging, in the form of radiographs and computed tomography
(CT), has gained popularity as a method of improving precision [20–24]. Theoretically, improved implant positioning can
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lead to reduced complication rates, ultimately mitigating the
economic burden [25, 26]. Conversely, there is concern that
robotic technology may imply financial strain due to the preoperative imaging required [27]. Hassebrock and colleagues
even suggested that preoperative advanced imaging is not benign and may create unnecessary workup of clinically insignificant incidental findings, incurring “hidden costs” [28].
Certainly, the utilization of robotic technologies has the potential of improved surgical technique and reduced complications, but the question remains whether it justifies exposing
patients to radiation and creating unnecessary costs from incidental findings [25–29]. However, there is a paucity of literature investigating the benefits of preoperative CT imaging
following the identification of significant incidental findings
by radiologists, advancing patient care.
Therefore, the purpose of this study is to determine the type
and frequency of incidental findings detected on the preoperative CT for robotic-assisted TJA and evaluate if any affected
the planned surgery. The study aims to detail the significant
incidental findings detected by radiologists and illustrates the
ultimate benefit of CT to the patients, whose medical care was
affected by these findings. If gone undetected, these findings
could potentially have resulted in significant negative postsurgical outcomes.

Materials and methods
This study was performed in accordance with the ethical standards of our institutional research committee and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Institutional review board approval was obtained for this retrospective study, and informed
consent was waived. Our study complied with the Health
Insurance Portability and Accountability Act.

Selection of study cohort
This retrospective study had a target population including all
adult patients found by review of the radiology information
system database to have had a CT examination performed for
an indication of preoperative imaging for a robotic-assisted
TKA, UKA, or THA. This search resulted in 1528 examinations performed between September 2016 and February 2020.
Exclusion criteria included those examinations that were a
repeat preoperative CT scan of the same extremity (i.e., technical scan errors) or those examinations performed for indications other than preoperative imaging for a robotic-assisted
arthroplasty. Also, since the THA protocol CT includes the
bilateral extremities, if a patient had the contralateral THA
staged anytime during this period, that scan was excluded if
performed. The final sample size resulted in 1432 patients and
examinations.

Preoperative CT examination protocols
All 1432 preoperative CT examinations were performed
in one hospital utilizing either a Philips 64 Brilliance CT
scanner (Philips Medical Systems, Cleveland, OH) or a
GE Optima CT660 CT scanner (General Electric
Company, Milwaukee, WI). All scans used the following
acquisition parameters: 120 kVp, 400 mA, and 0.5-s rotation time, and were done according to the specifications
of the Mako robotic-arm assisted (MAKOplasty) surgery
system (Stryker, Kalamazoo, MI).
The preoperative CT scan for a robotic-assisted THA at our
institution includes 1-mm contiguous axial images obtained
through the entire pelvis, scanned from the level of the iliac
crests to 180 mm inferior to the lesser trochanters, including
the bilateral hips. Also, 3-mm contiguous axial images are
obtained through the bilateral knees. These parameters result
in an inclusion of a portion of the lower intra-abdominal structures as well as visualization of all intra-pelvic structures (Fig.
1).
The preoperative CT scan for a robotic-assisted TKA
or UKA at our institution includes 3-mm contiguous axial
images through the unilateral hip (including the femoral
head), 1-mm contiguous axial images through the unilateral knee (including 100 mm above and below the joint
line), and 3-mm contiguous axial images through the unilateral ankle (including the talus and distal tibia), of the
side of the planned surgery. Another unique requirement
for the TKA/UKA CT protocol is that a radiopaque rod is
placed, parallel to the lateral aspect of the entire lower
extremity being scanned, that must be visible throughout
all the hip, knee, and ankle axial CT images (Fig. 2). This
rod is used to ensure the accuracy of the scan; if any
motion is detected in the rod, this indicates patient movement during the scan, which would require the scan to be
repeated.
Both the hip and knee arthroplasty protocols require the
legs to remain stationary throughout the entire scan and are
performed with the patient supine and entering the CT gantry,
feet first. Both protocols are also done without the use of
intravenous or oral contrast and the images are obtained in
seconds. Coronal, sagittal, and 3-dimensional reconstructions
can also be obtained, if requested by the ordering orthopedic
surgeon.

CT examination interpretations
All the CT examinations had been initially interpreted by 1 of
9 fellowship-trained musculoskeletal radiologists (clinical experience ranging from 2 to 33 years). These examinations
were performed and interpreted in real-time, prior to any
knowledge of this study.
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Fig. 1 Protocol for the preoperative computed tomography for a roboticassisted total hip arthroplasty. a Coronal scout image demonstrates the
range (horizontal and vertical lines with more superior arrowheads) of the
1-mm axial images obtained through the entire pelvis (black outlined
white arrow) including the bilateral hips (solid white arrow), from the
iliac crests to 180 mm inferior to the lesser trochanters. The more inferior
range (horizontal and vertical lines with inferior arrowheads) shows the

area of the 3-mm axial images obtained through the bilateral knees (star).
b Axial image at the level of the black outlined white arrow in the scout
demonstrates the intra-pelvic structures using soft tissue windows. c Axial
image, in bone windows, at the level of the solid white arrow, shows the
bilateral hips. d Axial image, also in bone windows, at the level of the
star, displays the bilateral knees

Incidental findings categorization

whether it was from a THA protocol or TKA/UKA protocol preoperative CT was evaluated. Furthermore, in
those in which the planned arthroplasty was altered due
to a significant finding, any association between gender,
age, or the type of preoperative CT protocol was assessed.
The evaluations were performed using chi-square tests for
categorical data and the 2-sided sample t test for numerical data. Given the samples’ size, this would result in a
power of 0.90 for most variables. Statistical significance
was defined as a P < 0.05.

Using a diagnosis search, the examination reports were then
reviewed by one musculoskeletal radiologist with 11 years of
clinical experience to catalog all incidental findings. The incidental findings were then further classified as significant or
non-significant findings. Significant incidental findings were
reserved for those that warranted further workup, those that
could alter a planned surgery, and those that would require
prompt notification of the ordering orthopedic surgeon.
Demographic information about age and gender were recorded for these patients. A note was also made as to whether the
incidental findings were from a THA protocol or TKA/UKA
protocol preoperative CT. Finally, in those with significant
findings, a chart review was also performed to record the
additional workup performed, the outcomes, and if the
planned arthroplasty was affected.

Statistical analysis
The association between the presence of a significant
finding and the patient’s age and gender was evaluated.
Additionally, the association of the significant finding and

Results
Study group
Of the 1432 examinations, a total of 931 (65%) CT
examinations were performed for either a TKA or
UKA. A total of 501 (35%) were performed for a
THA. Of those 1432 examinations, 825 (57.6%) were
performed on women and 607 (42.4%) were performed
on men. The age range was 26–95 years with a mean
age of 65 (Table 1).
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Fig. 2 Protocol for the
preoperative computed
tomography for a robotic-assisted
left total knee or
unicompartmental knee
arthroplasty. a Coronal scout image demonstrates the ranges (3
sets of horizontal and vertical
lines with arrowheads) of the 3mm axial images through the left
hip, including femoral head (star),
1-mm axial images through the
left knee, including 100 mm
above and below the joint line
(asterisk), and 3-mm axial images
through the left ankle, including
talus and distal tibia (triangle).
Also, note the radiopaque rod
(arrows) that is placed parallel to
the lateral aspect of the entire
lower leg. b Axial image at the
level of the star from the scout
demonstrates the left hip in bone
windows with a small portion of
the lower intra-pelvic structures.
Also, note the radiopaque rod
(arrow). c Axial image in bone
windows, at the level of the asterisk, shows the left knee with a
radiopaque rod (arrow). d Axial
image in bone windows, at the
level of the triangle, displays the
left ankle with a rod (arrow)

All incidental findings
Incidental findings were identified in 740 (51.7%) of the 1432
preoperative CT examinations. The majority of these

incidental findings were diverticulosis (47.2%, n = 349), prostatic enlargement (12%, n = 89), fat-containing inguinal or
umbilical hernias (10.2%, n = 76), intramuscular lipomas
(10.1%, n = 75), and uterine fibroids (9.1%, n = 67) (Table 2).

Table 1 Patient demographics and preop CT protocol type associations among all preop CT exams, among those with significant incidental findings,
and among those with an altered surgery

THA
TKA/UKA
Gender

Female
Male

Age, years (mean ± SD)

All preop CT exams performed
(N = 1432)

Significant incidental findings
(n = 41)

P value

Altered surgery
(n = 8)

P value

501 (35%)
931 (65%)
825 (57.6%)
607 (42.4%)

22 (53.7%)
19 (46.3%)
15 (36.6%)
26 (63.4%)

0.014 (C)

6 (75%)
2 (25%)
4 (50%)
4 (50%)

0.018 (C)

65 ± 10.3

68 ± 10.9

0.007 (C)
0.089 (T)

72 ± 11.5

0.664 (C)
0.129 (T)

CT, computed tomography; Preop, preoperative; THA, total hip arthroplasty; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.
Categorical data is represented as frequency (percent of column). Numerical data is represented as the mean ± standard deviation (SD). C indicates the χ2
test and T indicates 2-sided sample t test.
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Table 2

Catalog of the type and percentage of all incidental findings among all preoperative CT examinations

Incidental findings (total n = 740)

Number of CT exams with
incidental finding
(total n = 740)

Percentage among those scans
with incidental findings
(n = 740) (%)

Percentage of total CT scans
(N = 1432) with incidental
finding (%)

Diverticulosis
Prostate enlargement
Intramuscular lipoma
Uterine fibroid
Fat-containing inguinal hernia
Fat-containing umbilical hernia
Anterior talofibular ligament tear
Hydrocele
Bladder wall thickening*

349
89
75
67
44
32
14
12
5

47.2
12.0
10.1
9.1
5.9
4.3
1.9
1.6
0.7

24.4
6.2
5.2
4.7
3.1
2.2
1.0
0.8
0.3

Atypical lipomatous tumor/liposarcoma*
Iliac artery aneurysm*
Soft tissue fluid collection*
Bowel-containing inguinal hernia*
Lymphadenopathy*
Avascular necrosis (not joint for arthroplasty)*
Abdominal aortic aneurysm*
Peroneal tenosynovitis
Bladder diverticulum
Bladder calculi
Adnexal solid mass*
Ovarian cyst
Renal cyst
Horseshoe kidney
Spinal hardware loosening*
Suspicious uterine mass*
Diverticulitis*
Bowel-containing umbilical hernia*

4
4
4
3
3
3
3
3
2
2
2
2
2
2
2
1
1
1

0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.1
0.1
0.1

0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Ostomy bowel-containing hernia*
Retroperitoneal mass*
Suspicious osseous lesion*
L4 vertebral body compression fracture*
Popliteal artery aneurysm*
Posterior tibial tenosynovitis
Achilles tendon partial-thickness tear
Cholelithiasis
Renal calculi

1
1
1
1
1
1
1
1
1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

*Indicates those considered significant incidental findings (also bolded)

Significant incident findings
Of those with incidental findings, 41 (5.5%) were considered significant. These included diagnoses such as
abdominal and pelvic masses, acute diverticulitis,
bowel-containing hernias, suspicious osseous or soft tissue masses of the extremities, and vascular aneurysms

(Table 2) (Figs. 3, 4, 5, 6, and 7). Of those 41 examinations, 15 (36.6%) were identified in female patients
and 26 (63.4%) in male patients. The age range was
42–89 years with a mean age of 68. Additionally, a
slim majority of significant findings were in the THA
protocol (22) versus the TKA/UKA protocol (19) CT
examinations (Table 1). Only 22% (9 of 41) patients
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Fig. 3 Computed tomography axial image, in soft tissue windows, at the
level of the pelvis, from a 74-year-old female undergoing the preoperative
left total hip arthroplasty protocol computed tomography demonstrates an
enlarged uterus (arrows) with hypodense irregular endometrial thickening
(white arrowheads), with peripheral calcifications (black arrowheads).
The final diagnosis was metastatic papillary carcinoma resulting in a
cancelation of the planned left total hip arthroplasty

required further imaging to better evaluate their incidental finding.

Fig. 4 Computed tomography axial image, in soft tissue windows, at the
level of the left hip of a 52-year-old male undergoing a preoperative left
total knee arthroplasty protocol computed tomography. The image shows
a left quadriceps intramuscular complex lipomatous lesion (arrows) with
internal nodular soft tissue components (arrowhead). The final diagnosis
following an excisional biopsy was an atypical lipomatous tumor with a
cancelation of the scheduled left total knee arthroplasty

Fig. 5 Soft tissue window, axial computed tomography image of a 73year-old male undergoing a preoperative right total hip arthroplasty protocol computed tomography demonstrates a 5.5-cm abdominal aortic aneurysm (arrows). Prompt endovascular repair was subsequently performed resulting in a delay of the scheduled right total hip arthroplasty

Altered scheduled arthroplasty
A total of 8 of the 41 examinations (19.5%) with significant
findings resulted in an alteration of a scheduled arthroplasty.
Three resulted in a complete surgery cancelation and 5 led to a
delay of the planned arthroplasty surgical date. The mean
surgical date delay was 134.2 days with a range of 36–302

Fig. 6 Axial image, in soft tissue windows, of an 89-year-old female
undergoing a preoperative left total knee arthroplasty protocol computed
tomography displays a large right inguinal (arrows) hernia containing
multiple small bowel loops (arrowheads) without obstruction. The scheduled left total knee arthroplasty was delayed
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Fig. 7 Axial, soft tissue window, computed tomography image from a
51-year-old male undergoing a preoperative right total knee arthroplasty
protocol computed tomography shows findings of acute diverticulitis of
the sigmoid colon including bowel wall thickening (arrowheads) and
adjacent mesenteric inflammatory fat stranding surrounding the
diverticuli (arrows). The patient underwent treatment with antibiotics
and the planned left total knee arthroplasty was performed as scheduled

days. Of those 8 examinations, 4 (50%) were from women and
4 (50%) were from men. The age range was 52–89 years with
a mean age of 72. Furthermore, 6 (75%) were from THA
protocol CT examinations and 2 (25%) were from TKA protocol CT examinations (Table 1).
All 3 patients with complete arthroplasty cancelations
were diagnosed with an incidental malignancy, 2 requiring
oncologic surgery. This included a 74-year-old female who
was found to have a suspicious uterine mass on her preoperative THA CT (Fig. 3). A pelvic ultrasound was then
performed demonstrating an enlarged uterus with endometrial irregularity. A subsequent PET/CT showed hypermetabolism throughout the uterus/myometrium and within adjacent lymph nodes. The final diagnosis following a total
hysterectomy and bilateral salpingo-oophorectomy was
metastatic papillary carcinoma. Another patient was a 64year-old male who was diagnosed with a suspicious right
hamstring intramuscular lipomatous mass on a preoperative THA CT, which was suspected to be an atypical lipomatous tumor versus a liposarcoma. This arthroplasty was
also canceled without further imaging or workup.
Additionally, a 52-year-old male was found to have a suspicious left quadriceps intramuscular lipomatous mass on a
preoperative TKA CT, which was also suspected to be an
atypical lipomatous tumor versus a liposarcoma (Fig. 4). A
subsequent MRI pelvis confirmed an atypical lipomatous
tumor versus a liposarcoma. The final diagnosis following
an excisional biopsy was an atypical lipomatous tumor.

One patient with a 302-day surgical delay was a 73-yearold male who required prompt endovascular surgery to repair
a 5.5-cm abdominal aortic aneurysm found on his preoperative THA CT (Fig. 5) and confirmed with a CT angiogram.
Another 89-year-old female’s arthroplasty was delayed due to
a bowel-containing right inguinal hernia discovered on a preoperative TKA CT (Fig. 6). The patient deferred repair of the
hernia and the arthroplasty was performed after a 50-day delay. A 71-year-old female was found to have a new compression fracture of L4 on a preoperative THA CT. The patient
was treated conservatively and the arthroplasty was performed
after a delay of 36 days. Additionally, an 84-year-old female
was found to have a complex abdominal wall fluid collection
on a preoperative THA CT. She was monitored clinically as it
was favored to represent a resolving hematoma. Her
arthroplasty was completed after a 219-day delay. Finally, a
68-year-old male was found to have a suspicious right quadriceps intramuscular lipomatous mass on a preoperative THA
CT, which was suspected to be a liposarcoma. A subsequent
MRI of the right femur confirmed an atypical lipomatous tumor versus a liposarcoma. The final diagnosis following an
ultrasound-guided biopsy was an atypical lipomatous tumor.
This mass was eventually excised after a successful THA was
performed following a delay of 64 days. The final surgical
pathology was also consistent with an atypical lipomatous
tumor.

Statistical significance
A statistically significant difference was seen demonstrating
males to be more likely than females to have a significant
incidental finding as compared to all patients obtaining a preoperative CT for robotic-assisted arthroplasty (P = 0.007).
Additionally, a significant incidental finding is more likely
to be found on the THA protocol CT as compared to the
TKA/UKA protocol CT (P = 0.014) (Table 1). Finally, a
planned THA was more likely to be delayed or canceled as
compared to a TKA (P = 0.018) (Table 1).

Age comparisons
Compared to the entire study cohort, the average ages for both
those with significant incidental findings and those whose
planned surgeries that were altered were greater, albeit statistically insignificant (Table 1).

Discussion
In this large study, we retrospectively evaluated over 1400
preoperative CT examinations obtained for robotic-assisted
THA, TKA, or UKA, at a large healthcare system (5 hospitals,
50 clinic locations) with a largely captured patient population
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under one electronic medical record. Our findings demonstrated that not only are incidental findings commonly identified
on the preoperative CT examinations (51.7%) but also many
are significant incidental findings (5.5%). Ultimately, the vast
majority did not require any further imaging which may further characterize the value equation. However, some of the
significant findings resulted in a required delay or even cancelation of the planned surgery due to the discovery of ominous diagnoses, which if had gone undetected, may have resulted in significant negative outcomes. This is the first investigation of the authors’ knowledge to evaluate such a large
patient population.
Overall, we found that males are more likely than fem al e s to h a v e a si g n i f i c a n t i n c i d e n t a l fi n d i n g .
Additionally, these significant incidental findings are
more likely to be found on the THA protocol CT as compared to the TKA/UKA protocol CT and furthermore, a
planned THA was more likely to be delayed or canceled
as compared to a TKA. Given that the preoperative THA
protocol CT includes imaging of the lower abdomen, the
entire pelvis, and large portions of the bilateral lower extremities (Fig. 1), this lends itself to discovering a larger
number of incidental findings. This also may suggest that
a preoperative CT is preferred over preoperative radiographs, especially in a male undergoing a roboticassisted THA. In practice, such inclination has been evident as we have grown more comfortable with the robotic
workflow. Clinicians have been ordering fewer repeat radiographs in the office once a surgery decision is delineated, assuming a patient has any prior imaging in our
system.
In the 41 patients with significant incidental findings,
only 9 (22%) went on to further advanced imaging, including 4 of the 8 patients with an altered scheduled
arthroplasty. Although Hassebrock et al. suggested “significant additional costs” related to the unnecessary workup of
incidental findings [28], our study demonstrates that the
majority of the significant incidental findings are managed
without the need for any costly imaging. Yet, their discovery by a dedicated radiologist interpretation may have resulted in actual healthcare savings by preventing more costly future workups and management. Even in the patients
who required advanced imaging, such as the complex uterine mass (Fig. 3) and the abdominal aortic aneurysm (Fig.
5), the cost related to a few additional imaging studies is
minuscule when compared to the potential healthcare costs
related to surgical management, chemotherapy, multiple
consultations, intensive care unit admissions, etcetera, that
could have ensued if these incidental findings were not detected. Given the known complications, if the endometrial
carcinoma or liposarcoma had resulted in wide-spread metastases or if the aneurysm had ruptured, the spiraling expense is obvious. Furthermore, had the aneurysm not been

identified it could have potentially ruptured intraoperatively
or shortly after the placement of the scheduled THA.
In the present cohort of patients, there were significant
incidental findings identified that did not result in an alteration
of the scheduled arthroplasty but yet may have benefitted
patient care. In regard to the 2 additional patients with
bowel-containing inguinal hernias and the patient with acute
diverticulitis (Fig. 7), although their scheduled arthroplasty
was not affected, their clinical course was perhaps significantly altered. Had these diagnoses gone undetected and untreated
before the planned arthroplasty, the known associated devastating complications such as bowel strangulation or incarceration, bowel perforation or the development of a pericolonic
abscess may have occurred. This again illustrates scenarios
leading to higher postoperative morbidity or even mortality,
especially if sepsis ensued.
Joint replacement surgeries of the hip and knee are of
the most common surgeries performed in the USA for the
highly effective treatment of osteoarthritis and as such
mainly consist of an elderly population in whom several
common medical conditions may coexist [30–34]. The
number of these arthroplasties performed annually continues to steadily rise due to the increasing life expectancy
and the associated high prevalence of osteoarthritis. It is
estimated that by 2030, up to nearly 3.5 million TKAs
and 600,000 THAs will be performed in the USA [31,
35–38]. UKA has also gained popularity in the treatment
of isolated medial compartment osteoarthritis of the knee
and now constitutes approximately 8%–10% of all knee
arthroplasties performed in the USA [20]. This procedure
is no longer limited to the elderly with a more limited
lifespan. UKA has become an excellent choice among
younger and active individuals with unicompartmental osteoarthritis who elect to delay or avoid a TKA [39]. This
increased popularity is due to its many unique advantages
over a TKA including a less-invasive surgery with increased preservation of the native knee structures, a faster
recovery period, improved range of motion, less intraoperative blood loss, decreased costs, lower morbidity and
mortality, and overall improved patient satisfaction
[40–42]. While the reproducibility of this procedure has
been variable in the registries, many would contend that
this more challenging procedure has less room for error
and best suited for robotic assistance.
Joint arthroplasty surgical techniques and instrumentation have evolved tremendously over recent decades.
This is largely due to the desire to correct for human
technical errors in an attempt to improve patient outcomes, decrease revision rates, and lower the overall
economic burden. Modern technology, through the use
of robotic-assistance, has been instrumental in facilitating significant advancements [23, 43]. Multiple studies
have demonstrated that robotic-assisted joint
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replacement allows for an improved precision of implant
positioning for THA, TKA, and UKA when compared
to conventional jig-based techniques [20, 21, 42, 44].
By using a preoperative CT for surgical planning, a
unique 3-dimensional model of the patient’s anatomy
can act as a roadmap, which allows for greater accuracy
in the precision of bone cuts and component placement
[30, 45]. This perfected accuracy permits the restoration
of biomechanics by improvements in the precision of
bone resection, implant positioning, and bone coverage
resulting in a restoration of a desired target alignment
[22, 43, 46]. The improved preparation of the bone and
resultant enhancements in implant positioning and safeguards allows for next level adjustments to surgical
techniques [22, 46, 47]. Such custom fit to the patient’s
distinctive anatomy results in a preservation of the
periarticular soft tissues, which equates to decreased
postoperative inflammation, pain, and swelling [22].
Furthermore, an overall reduction of perioperative and
postoperative complications and improved arthroplasty
component positioning leads to improved patient satisfaction, improved patient outcomes, increased implant
longevity, and reduced revision rates [44, 48, 49] which
translates to a reduction of healthcare costs and the
overall economic burden.
The increased radiation exposure as a result of the required preoperative CT scan has been cited as a limitation
to the adoption of robotic-assisted joint arthroplasty. The
typical mean effective radiation dose for these CT protocols is equal to approximately 4.8 mSv. However, this is
only 2.5–3 times the radiation dose of typically acquired
orthopedic radiographs including that of a complete hip or
knee series and oftentimes, these radiographs must be repeated due to the patient’s size or technical factors further
decreasing this dose difference [41, 43, 50]. Additionally,
newer CT technologies emit lower radiation doses [41].
While some authors have highlighted the concern of clinically relevant radiation dosage, others have noted the
risks associated with this single CT scan for preoperative
mapping have been overstated and the benefits of robotics
likely outweigh this risk, should any exist [50, 51]. The
dual benefit of both the precise pre-surgical plan and the
benefit of detecting these incidental diagnoses by detailed
anatomic review and radiologist interpretation may favor
the use of CT by clinicians, payers, and patients despite
the inconveniences.
Given the continually increasing rate of roboticassisted arthroplasties performed, radiologists are more
frequently tasked with interpreting these preoperative CT
examinations ordered by the performing orthopedic surgeons. However, in our experience, these studies are often
viewed as a formality only, rather than for diagnostic purposes, used solely for the purposes of surgical planning

with little attention given to the actual findings by the
radiologist or the surgeon. Furthermore, Abdelfadeel and
colleagues, in their study of 176 patients, found no incidental findings that resulted in a change in management
[52]. They also suggested that the radiologist professional
component and therefore the evaluation of these studies
by a trained imaging specialist could be eliminated to help
reduce costs, although they themselves report that the
professional fee is only approximately 10% of the overall
CT examination total cost. The findings of our large study
bring to light the importance of these preoperative CT
examinations to both the interpreting radiologist and the
ordering surgeon, to be aware of the benefits of these
significant incidental findings and the potential consequences if these findings are not identified by a trained
imaging specialist.
We recognize several limitations of this study. First,
given the timeframe of the study, there was no mid-term
follow-up of those with non-significant findings that may
have later become significant. An appreciation of longerterm clinical data may show that even the discovery of
some non-significant incidental findings could be beneficial once recognized if they eventually become significant
and are acted upon more expeditiously. Additionally,
since these CT protocols are limited to only axial imaging
and without the use of intravenous or oral contrast, there
may have been additional incidental findings that were
potentially undetectable. Thirdly, given the large number
of cases included in this study, it was not feasible to go
back and re-review all the images to determine if any
other findings were missed by the interpreting musculoskeletal radiologists. A future prospective study could be
performed doing a head-to-head comparison of those undergoing preoperative radiographs versus those undergoing preoperative CT. This could be used to determine the
long-term morbidity and mortality related to potentially
missed diagnoses by utilizing preoperative radiographs
rather than CT.
In conclusion, incidental findings are commonly detected by radiologists on preoperative CT imaging obtained by
orthopedic surgeons for robotic-assisted joint replacement.
Several were significant findings that were more likely to
be found in males and on preoperative CT imaging for
THA. Furthermore, some of these resulted in a delay or
even cancelation of the planned arthroplasty, more commonly a THA. The detection of these significant incidental
findings may suggest that despite the slight increased radiation dose of CT as compared to radiographs, the benefit of
reporting these incidental findings by a radiologist may
favor the use of CT and especially in men having a THA.
If gone undetected, some of these patients may have had
significant negative outcomes following the arthroplasty
that could have otherwise been avoided.
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